Moreover, current approaches have shortcomings concerning their behavioral underpinning: they assume that travelers are knowledgeable about the reliability statistics of their choices and that they make rational decisions based on them (3) . This assumption has proved problematic; recent findings in behavioral economics and the experiences of researchers conducting surveys have shown that generally, passengers cannot be assumed to be knowledgeable about these statistics. Behavioral economists have suggested that in the case of repeated experiences (such as daily commutes), people are prone to remembering only particularly positive or negative experiences as well as the most recent ones (peak-end rule) (5) .
As a result of the above, there is still no solid understanding of how transit riders are affected by unreliability and how they adapt their transit use to cope with it. Two types of adaptation can be distinguished: short term and long term. Short-term adaptation refers to the decisions travelers make if they are confronted with an infeasibility (e.g., a major delay) when they are already traveling. The set of alternatives in this case may be limited. Long-term adaptation refers to the influence of past experiences (or knowledge from other passengers) on a person's decisions in the trip-planning phase. Given the typical span that travel diary data (e.g., household surveys) cover, long-term adaptation is typically not observable in such data sets, while short-term adaptation might be, provided that incidents of unreliability can be identified. Long-term adaptation does not necessarily involve a reduction or cessation of transit use, though one may argue that those are the most important adaptation strategies as they affect overall ridership. Given the complexity of many systems, it is hypothesized that people may also develop strategies for dealing with unreliability while in general remaining transit users (e.g., avoiding public transportation during certain times).
While there have been previous surveys on the importance of elements of reliability as well as choice models that incorporated travel time distributions, so far no research has specifically addressed the following:
• The broad range of possible adaptation strategies people can use while remaining transit users in regard to route choice, intratransit mode choice, and the use of real-time information;
• The influence of previous experiences with unreliability on adaptation strategies;
• The fact that adaptation may occur on different time scales and may be a continuous process; and
• The link between previous experiences and people's perception of reliability.
To investigate what long-term adaptation strategies, if any, transit passengers report using and how those strategies are linked to previous
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Reliability is a key aspect of public transportation services, and surveys have shown a consistently high importance attributed to various reliability aspects by travelers [e.g., Prashker (1) and Outwater et al. (2) ]. In some previous studies on the value of reliability, a reduction in travel time variability appears to be valued more highly than a reduction in mean travel time (3, 4) . There is a consensus that reliability permeates multiple steps of an individual's trip planning process (assuming the destination is chosen): mode, route, and departure time choice. Nonetheless, researchers have found it difficult to incorporate reliability into demand models, and the two main approaches for modeling decisions in the presence of unreliability represent it only as travel time variability. However, unlike automobile transportation, the interconnected structure of transit networks and timetables introduces complexities not captured by current choice models.
experiences, a survey was designed that took the above points into account. This paper presents the results of the survey, which is a preliminary investigation aimed at uncovering which adaptation strategies are most common in the surveyed population and whether there are observable correlations between past negative experiences and a reduction of transit use. In a future step, these results will inform the development of traveler surveys for discrete choice modeling that are better tailored to the complexities of transit travel decisions.
What Is RelIabIlIty?
Despite a sizable body of literature on reliability, the lack of a standardized definition remains problematic. Most commonly, researchers and analysts refer to reliability as travel time variability, but it may also include other aspects such as schedule adherence, arrival punctuality, probability of finding a seat (6) , or the probability of mechanical problems (1) . Reliability is associated with the notion of repeatability and the predictability of certain components of a person's trip and also with adherence to a "baseline" travel time such as the timetable or the free-flow travel time. At an individual level, it may depend on what a traveler considers to be the norm:
• Somebody traveling every day during peak hour might experience noticeably higher travel times than during the off-peak. However, if the congested travel times are the same every day, and thus predictable, that person might not consider them to be unreliable.
• Another person might generally travel during the off-peak and consider the uncongested travel time the norm. If that person makes a one-off trip during the peak hour and experiences congested travel time, that person might consider it to be a case of unreliable travel time.
This illustration shows that to a certain extent, unreliability may also be predictable. Therefore, researchers have divided unreliability into recurrent unreliability (due to congestion and other predictable factors) and incident-related (nonrecurrent, nonpredictable) unreliability (7, 8) . In many cases, the decision makers themselves may not be aware of the normative influence of their past experiences. To the extent possible, the questions of the survey presented in this paper were formulated to distinguish between norms based on the timetable and those based on past experiences.
lIteRatuRe RevIeW
In this paper, two bodies of literature are of interest: surveys on the importance of transit reliability attributes and studies aimed at modeling the behavioral ramifications of unreliability. Past research has focused strongly on reliability in the form of travel time variability. With respect to modeling the behavioral effect of unreliability, much of the early research focused on automobile transportation since this is easier to treat mathematically than transit. Unlike automobile transportation, a transit trip consists of several components, all of which contribute to variability in travel time. Moreover, departure times depend on schedules and headways and may not coincide with a person's preferred departure time.
One of the first surveys aimed at understanding travelers' valuation of reliability was by Prashker, who described reliability with simple statements, such as "In-vehicle travel time varies by less than 5 minutes from day to day" (1). Prashker reported that the reliability of out-of-vehicle travel time appeared to be more important than in-vehicle travel time and that the marginal disutility of an additional minute of waiting time was a decreasing function. Aside from travel time variability, respondents rated the absence of mechanical breakdowns and accidents most highly, ahead of all attributes in the groups that can be summarized as "trip unaffected by weather" and "trip unaffected by congestion." Prashker also observed differences between genders.
Prashker's survey used Likert-scale questions to evaluate attitudes toward reliability attributes; subsequent work, however, generally attempted to value travel time variations in monetary terms with the help of stated preference surveys and discrete choice models. Currently, there are two approaches to incorporating travel time variability in discrete choice models: the mean-variance approach, in which it is represented by the mean travel time and the spread of the distribution, and the scheduling approach, in which variability is represented as probabilities of early and late arrival. Prominent examples of the former are Jackson and Jucker (9), Black and Towriss (10), Polak (11) , and Senna (12) . The latter approach is used, among others, by Small et al. (7), Bates et al. (13), Noland et al. (14) , Small (15) , and Pells (16) , and with a new interpretation by Fosgerau et al. (17) . Most models focus on car users' behavior, and the travel time distributions are typically continuous functions (3) . Beyond those models, the only work the authors are aware of that takes into account a different attribute of reliability, the likelihood of finding a seat, is by Polydoropoulou and Ben-Akiva, who found it to be significant (6) .
The narrow focus on travel time variability in a form more suitable for automobile travel limits the applicability of these models to transit. Furthermore, they make two assumptions that are less likely to hold in transit: (a) the disutility caused by delays is independent from the type and location of the delay and (b) reliability as perceived by travelers can be described solely with respect to travel time distributions and arrival time probabilities. The criticism of assumption stems directly from the fact that if it is assumed that travel time at different points of the trip chain (e.g., in-vehicle and out-of-vehicle travel time) is valued differently, there is no reason to believe that this valuation does not also hold for delay type and location. Though this assertion is supported only by anecdotal evidence, it is unlikely that it would be disputed; unfortunately, the problem lies in the data collection (18, 19) .
The validity of assumption needs to be questioned in light of mounting empirical evidence to the contrary. It is plausible that travelers learn about reliability by experience and form a subjective assessment of an alternative's reliability (12) . Nakayama et al. explored this issue through simulation-based route choice experiments with a learning component and found that travelers' equilibrium choices were path dependent (20) (21) (22) . In regard to the use of travel time distributions to represent reliability, various experiments outside transportation have documented that decision makers tend to be subject to systematic perceptive biases, averse to risk-taking and losses, and affected by the framing of a decision [e.g., Preston and Baratta (23), Allais (24) , and Kahneman and Tversky (25) ]. According to Kahneman et al. (5) , for an event experienced repeatedly, decision makers generally remember only the most intense pleasant and unpleasant moments overall and the most recent events (peak-end rule), and Fujii and Kitamura discovered in a survey that travelers thought of travel time as discrete time bands rather than a continuous variable (26) . Reliability researchers can certainly confirm these issues: various authors have reported difficulties conveying the concept of travel time variability to survey respondents (3) [see, e.g., Small et al. (7), Rohr and Polak (27) , Benwell and Black (28) , and Small et al. (29) for alternative representations]. Without further detail, the problems appear related to two issues: conveying the concept of randomness and probabilities, and respondents' tendency to assume a context if it is not stated by researchers. An overview with a focus on transportation decision making is given by Gärling (30) , and further assessments can be found in Gayer (31) and Fosgerau et al. (17) .
Addressing these issues would require a longer-term research effort, but two conclusions can be drawn about transit: first, the personal experience of a traveler matters, and the source and type of delay is potentially an important factor in a person's decisions. This finding is important since transit systems generally have some type of central operations control where operations management decisions are made that directly affects travelers' experiences (19, 32) . Second, in predicting and understanding passengers' reactions to transit unreliability (including adaptation strategies, reduction and cessation of patronage), the approaches currently in use are most likely ill suited.
Despite these methodological difficulties, there is a strong case for understanding the reasons behind reduction and cessation of transit use. As Perk et al. point out, many transit systems in the United States experience high degrees of rider turnover, indicating a sizable number of ex-riders among the population, but little is known about the reasons for transit cessation and the characteristics of that group (33) . Better understanding of this process and the role reliability plays could help improve transit mode share as a sustainable alternative to other motorized modes in urban transportation.
ReseaRch appRoach
To understand how people adapt their behavior to unreliable service, an online survey was developed and distributed to current and former users of the San Francisco Municipal Transit Authority, (generally referred to as MUNI) in California. This survey instrument was chosen since a stated preference survey would have suffered from the problems mentioned in the section on the literature. The online survey results will inform the development of a revealed preference survey at a later stage. MUNI riders were recruited from the University of California, San Francisco (UCSF), through two channels. People who completed UCSF's annual commute survey, which is distributed to all students, faculty, and staff, were invited to take part in this additional survey. In addition, the study was publicized at a living green event at the university's Parnassus, California, campus, where flyers with more information and the opportunity to ask questions about the study were provided. In return for their participation, all respondents who completed the survey were entered into a lottery that awarded $250 to one person. Those who answered a set of optional questions were entered into an additional lottery that awarded a $50 prize.
suRvey DescRIptIon
Two versions of the survey were created: one for current MUNI users and another for former users. The user survey focused on what unreliable service respondents had experienced in the past and what strategies they currently use to handle it. The nonusers, in contrast, were asked which experiences led to their cessation of use. The surveys were developed and tested with the help of a focus group consisting of University of California, Berkeley, undergraduate students who were regular transit users. Each survey had several parts, which are described below.
The user survey began by asking respondents about the frequency of their MUNI use and their familiarity with a service that provides real-time departure information on its website and at select bus stops in the city. Next, to help respondents think about the myriad aspects of unreliability, they were prompted to describe a common trip they make and rate how important various measures of unreliability are to them on that trip. In the section following that question, respondents were given a list of 26 types of unreliability incidents and asked when the last time they had experienced each one was (with choices between less than 1 week ago and never). These answers were considered as proxies for the frequency at which users experienced the incidents, as one of the results from the focus group was that participants appeared to have a much better recollection of the last time something had occurred rather than its average rate of occurrence. Subsequently, users were presented with 27 questions about how they have adapted their behavior to deal with unreliability. Following that section, participants were invited to answer a set of optional questions about how they plan their transit trips.
The nonuser survey began similarly, with questions about a common trip and the importance of different reliability aspects. It then asked for general reasons for ceasing to use MUNI (e.g., changing jobs or service cuts), and if quality of service was given as one of their reasons, they were again presented with the list of unreliability events. However, they were asked approximately how frequently they had encountered each one and whether it had contributed to their decision to stop. They were also asked which modes they now use instead of MUNI. In both surveys, sociodemographic information was collected.
suRvey Results
After 1 month, a total of 123 responses to the user survey and 15 responses to the nonuser survey had been completed. A number of interesting results could be gleaned from analyzing the users' responses to survey questions and, while there were too few nonuser responses for conclusive results, comparing the nonuser and user results was also informative.
Demographics
As might be expected given the recruitment procedure, the sample was not entirely representative of San Francisco's population as a whole. More than 40% of those who answered were between 21 and 30 years old, reflecting UCSF's medical student population. In addition, 79% of respondents were female, quite high even considering the typically higher response rate of females. In regard to ethnicity, the sample was 57% white, 21% Asian, 6% multiracial, 3% Hispanic, 2% black, and 2% other (9% did not provide an answer), which is not significantly different from UCSF's population and is somewhat similar to San Francisco as a whole. While most likely not representative, this group is still notable in regard to the modes it has access to; 46% had their own car or access to a family car, 32% had a usable bike, and 21% were members of a car-sharing service. This result suggests that many of the sampled riders had alternatives to using transit; from a transit marketing perspective, attracting and retaining these riders requires the transit agency to be attentive to their specific needs and valuation of service characteristics. However, as the sample is not representative of transit customers as a whole, there may be additional value in exploring the importance of reliability aspects for other customer segments.
Importance of Reliability aspects
Respondents were asked to rank the importance of various aspects of reliability, on a scale from 1 (don't care) to 5 (very important), for the particular common trip they had previously chosen to describe. The rankings of each aspect have been reported for work and nonwork trips separately, and while the two groups did not value each aspect identically, as can be seen in Table 1 , there were similarities.
Overall, reliability was not valued as highly on nonwork trips as it was on work trips. (The only aspects for which this did not hold had very small sample sizes; out of 31 respondents who described nonwork trips, only eight made transfers. One hundred four respondents reported work trips, of which 25 included transfers.) That finding makes sense as the consequences of unreliability on a commute trip may be worse than for a self-directed trip. In both groups, reliability in transferring proved to be the most important characteristic. Being able to make a scheduled connection and not having to wait more than 10 min to transfer each had mean responses closer to "very important" than "important." Also in this range was being able to walk up to a stop and leave within 10 min. Being able to find a seat and the bus not being too crowded were found to be valued least, both slightly above "somewhat important." These results suggest that riders prefer frequent and consistent service rather than being comfortable while riding. Being able to use real-time data to find a bus that leaves within 10 min of one's desired time had the highest number of "very important" responses, despite falling in the middle of choices overall. However, when only users who have smartphone data plans are considered, it rises and is tied for importance with being able to walk up to a stop and leave within 10 min, suggesting that new technologies are changing how people view reliability.
experiences of unreliability and Frequency
Before delving into what types of unreliable service participants had experienced, the survey first instructed participants to "select the maximum interval between vehicles (they) would still consider frequent service." From choices of "less than 5 minutes" to "over 20 minutes" with 1-min increments between, the mean and median were found to be 10.12 and 10.0 min, respectively (variance = 10.6, N = 131), which is consistent with the typical definition of frequent service in previous research. Looking at the distribution of responses in Figure 1a , one sees that almost 75% of the answers were below 10 min, and the only value with any significant responses above 10 was a small spike at 15 min.
In their reports of unreliable service, the event respondents reported having seen most often was related to service frequency, as can be seen in Table 2 . (In this table, the average frequency of occurrence is based on the mean response for the last time the incident was encountered, where choices ranged from 1 = less than 1 week ago to 6 = never in the past year.) Having to wait more than twice as long as the scheduled interval for a "frequent" route (as defined by the respondents in the previous question) was reported as happening on average approximately every 2 weeks. The next most common problems were related to the accuracy of the real-time information (showing a bus that did not arrive or not showing one that did arrive) and delays while on board the vehicle (from traffic or an unknown problem downstream). These were each reported as being experienced every 1 to 6 months on average. In contrast, the problems reported least were the bus having a full bike rack (which would prevent one from being able to take the bus with a bike), missing the last bus of the day because it was not running according to schedule, and a bus not serving a desired stop because of a change in routing (each of which were reported to have happened less than once per year on average). For these calculations, only the answers of those who reported riding at least twice a week were included as to not introduce a bias from infrequent riders who, by the nature of their usage, would be expected to encounter problems far less frequently. 
behavioral adaptation
Many respondents reported that they have changed the way they use MUNI because of unreliability. Fifty-four percent said they have a strategy for their MUNI use, and 52% reported a reduction in use.
Those who did reduce their MUNI use were far more likely to switch to another mode rather than reduce the number of trips they make. The use of several general strategies is summarized in Figure 2 . From 2a and 2b, one can see that while almost 75% are at least sometimes making fewer trips on MUNI, they are not discontinuing these trips altogether, so presumably they are just shifting modes.
Avoiding routes that are unreliable is done less than half of the time on average, as seen in Figure 2c . Several other questions asking about the importance of unreliability revealed that even with the unreliability faced on common trips, people do not seem to let that affect their willingness to take new routes. More than half will "rarely" or "never" not take a route because they do not know how reliable it will be (on a 5-point Likert scale of "never" to "always").
In addition to shifting from MUNI to another mode, users are also shifting between MUNI services. As can be seen in Figure 1b , some people chose certain types of service over others for reasons of perceived reliability (or lack thereof), using express buses more and local buses less. Of course, not all of these services are available everywhere, limiting people's ability to shift modes. In another question, participants were asked how often they use a route that is not the closest to their origin or destination for a specific reason (e.g., to avoid a transfer, use a more frequent route, or to depart at a more convenient time). Each reason had people saying they did it about 50% of the time, on average. However, the responses were quite correlated with each other, so it was difficult to single out a particular criterion for choosing between particular routes. It may also suggest that those who do take this action do it for a number of reasons, while others simply do not do it at all. Another strategy investigated was allowing extra time in case something were to go wrong. Given 5-min increments from 0 to 30+ min, the mean was found to fall between 10 and 15 min and 15 to 20 min, with a fairly normally shaped distribution. Figure 2d shows that avoiding MUNI at certain times of day is fairly unpopular. In a more detailed question, 56% reported that they do not do this at all (perhaps because of the nature of their jobs in the medical field and fixed work schedules), though 17% responded that they try to avoid MUNI between 07:00 and 09:00 and 22% between 16:00 and 18:00. Taking a bike to ride in case something goes wrong on MUNI was less common; only 7% ever do this although 32% of respondents said they had a bike in usable condition.
Respondents were also asked to respond to four statements about how they use real-time information on a scale consisting of "never," "fewer than half of trips," "more than half of trips," and "all trips." Using the arrival predictions was very common, with 93% of respondents using them on at least some trips, though other information provided by the service, such as real-time maps, was less common (possibly owing to being less functional on cell phones). In addition, despite the frequency of running into problems with the real-time information service, as described in the previous section, it was uncommon for people to stop using it after a bad experience (fewer than 10% did so on more than half or all of their trips). Of course, lacking any other real-time services, the service is still better than nothing, so this finding makes sense.
trip planning
The most common feature respondents reported knowing when they were planning a trip was how long the trip should take (out of 98 responses on a 4-point modified Likert scale from "incorrect" to "correct," 93 responses were either "somewhat correct" or "correct"), followed by an approximate knowledge of how often the bus should depart (86 responses) and using real-time information rather than the published schedule (79 responses). In contrast, fewer said they knew the published schedule (53 responses) or used past experience to know when the bus should arrive (64 responses). To decide which stop they should catch the bus from, respondents were asked how frequently they use different methods (never, sometimes, often, or always). Checking the real-time data before going to a stop was the most common strategy (56 responses "often" or " always"), followed by checking the data to see whether a bus is coming in a certain time frame, before even deciding which mode to take (39 responses). Next was walking to the stop without this information (35 responses) and least common was to walk along the route and take a bus if it passed by (27 responses).
nonuser Results
Because so few people completed the survey for ex-MUNI users, it was difficult to come to any substantial conclusions. Nevertheless, a few points emerged and may be interesting to pursue in a future study. First, the demographics of this group were markedly different from the previous group; respondents were older (an average age of 41 to 50), twice as likely to have children (33% versus 16%), and more likely to live outside the city (66% versus 30% of the users). When asked for their reasons for not using MUNI any more, fewer than half responded that a lifestyle change (such as moving or changing jobs) was responsible; unreliability or other service problems were a more common response. However, a comparison between the demographics of the user and nonuser groups did suggest that as people settle down, they are less likely to use transit. That result is in line with previous findings by other authors (33) . Unreliable service was given as a reason for cessation by 50% of respondents, and 40% said other service aspects or service cuts contributed (30% of respondents were in both of these groups). Nonusers rated the importance of aspects of unreliability similarly to users, both independently and in relation to each other. The most significant difference was that users valued being able to make a scheduled connection most highly and nonusers least highly, though this finding is likely at least partially because only six nonusers reported making any transfers regularly.
lInk betWeen unRelIabIlIty anD aDaptatIon
A question of interest was to what degree the negative experiences with unreliability reported by survey takers influenced their decision to reduce public transportation use and use other modes instead. To investigate this link, an ordinal logit model was estimated in which the dependent variable (i.e., the decision made) was the answer to the following statement: "I make fewer trips on MUNI (because of unreliability) and instead I use other means of transportation more often (e.g., car, walking, bike, Bay Area Rapid Transit, taxicab)." User responses were on a 4-step Likert scale between "no, this does not apply to me" to "yes, this applies to me." Explanatory variables were drawn from respondents' information on the frequency of negative events as described in the subsection on experiences of unreliability and frequency as well as socioeconomic and demographic information and access to alternative modes. In preparation for the model estimation, some particular characteristics of the response data needed to be accounted for. Following the results of the focus group described in the section on survey description, the possible answers to the questions about unreliability incidents had been changed from asking directly for the frequency to asking for the last time this incident had occurred, as a proxy for frequency. Furthermore, the Likert scale increments in frequency responses were nonlinear. Since the frequencies of negative events were used as explanatory variables, frequency of transit use needed to be controlled for. Data analyses revealed that of the users who had stated that they used transit between once a month and 2 days a week, many had reduced their transit use because of unreliability. It was therefore important to capture that group of users in addition to frequent users who rode transit more than 2 days per week. To achieve this goal and to map participants' responses to actual frequencies, the frequency at which unreliability events were experienced was normalized as follows:
• Assuming the time reported since the last experience is a representative average interarrival time, calculate the average number of times an unreliability event is experienced per month by a particular user.
• Divide the result by the respondent's reported frequency of transit use (in days per month) to obtain a probability of experiencing an unreliability event on any given day that transit is used.
It was found that the disutility of unreliability events as a function of frequency was in many cases nonlinear; to make the coefficients comparable with each other, they were reduced to binary variables indicating whether a passenger's probability of experiencing a particular event given the passenger's personal usage pattern (p e ) was >0.05 or ≤0.05 per day of transit use. To illustrate this, for a person who uses transit on average 5 days per week, the binary explanatory variable indicates whether a particular type of transit unreliability event is experienced more than once per month or not. For the estimation, Biogeme 2.2 was used (34, 35) . The model specification was as follows: ASC notreduce n otreduce notreduce
where U is utility and ASC is the alternative-specific constant and the sum includes the products of all explanatory variables x i and their corresponding coefficients β i . In this expression, i is a placeholder for the individual variable, such as auto access, the frequency of delays due to traffic, and so forth:
. . . The estimation results are shown in Table 3 . The threshold for the influence of the duration of MUNI use (less than or more than 1 year) was found by examining all pertinent response values separately. As noted in the table, the unit of the variable pertaining to missing a departure as a result of wrong real-time information is one or more occurrences per week rather than more than one occurrence per month in the case of the other variables. This result was due to the estimated coefficient turning negative for higher thresholds (possible reasons are discussed in the subsection on model results) and did not affect the robustness of the rest of the model.
DIscussIon anD RecommenDatIons model Results
The model results show that by default, people are averse to change, a finding that is in line with previous research findings (36) . All demographic information, including family status, age, and gender, was found to be insignificant and was removed from the final model specification. Although bike and auto access do have a positive influence on people's willingness to change, they are not significant; as mentioned in the subsection on demographics, this result suggests that the majority of the survey population originally chose transit over one or more available alternatives. Transit pass ownership was not included as it was expected to be endogenous.
One can also see that passengers who have been using MUNI for less than a year are less likely to have reduced their use of it; it can be assumed that these passengers have not accumulated enough experience either with unreliability or with the system. Living in a neighborhood close to one of the two UCSF campuses has a positive influence on likelihood to change, as does ownership of a smartphone with a data plan. While the former is plausible, as walking and biking are more attractive alternatives for people living close to work (or school), the latter is more difficult to explain and deserves to be investigated further. From other questions in the survey, which could not be included in the model owing to sample differences, it can be deduced that owning a smartphone with a data plan is correlated with increased use of real-time information. Owning a smartphone is positively correlated with respondents stating that they exclusively use real-time information to plan transit trips and negatively correlated with knowledge of the published timetable. This finding leads to three hypotheses for future research:
1. Having access to real-time information via the smartphone may make people more likely to use a different mode if MUNI service does not fit their schedule.
2. Access to real-time information may make travelers more acutely aware of gaps and delays.
3. Smartphone users may be more likely to consider infrequent service unreliable because of a stronger reliance on real-time information rather than the timetable, as will be discussed later in the paper.
With respect to the influence of experiences with unreliability, the results are interesting. In general, it appears that passengers are more forgiving of problems that are perceived as being outside the transit agency's control, that is, delays resulting from traffic or (to a lesser extent) onboard emergencies. However, the fact that in the questionnaire, emergencies and mechanical failures were included in the same question may obscure differing passenger perceptions of these types of events. Similarly, cases in which the person comes running up to the stop but misses the departure do not appear to have behavioral ramifications, and one may conclude that passengers tend not to blame the transit agency for this. However, experiencing instances of being left behind because of crowding drives a reduction in transit use, and out of all reliability problems included in the survey, the strongest influence on transit use reduction comes from experiencing delays resulting from operational problems-other transit vehicles being backed up or problems downstream on the route that are not immediately visible to the passenger (resulting in vehicles being held upstream). Furthermore, it can be seen that the point in a person's trip at which a delay is encountered does matter; experiencing long delays or gaps at a transfer stop contributes to people reducing their transit use more than twice as strongly as delays or gaps at the origin stop. While previous publications have anecdotally confirmed this finding, the authors are not aware of any research where this difference has been quantitatively shown (18) .
Finally, a surprising result was that problems with the real-time information system (e.g., wrong predictions) did not appear to drive passengers away from transit unless they were experienced much more frequently than the other service problems. The reason for this finding merits further investigation, along with the link to smartphone ownership, as previously noted. However, two hypotheses can be stated. First, these problems are very common, as seen in Table 2 , and the model results may indicate passengers being generally accustomed to a certain degree of real-time information unreliability. Second, in San Francisco, the real-time information system is branded by the system manufacturer rather than the transit agency, which may actually work in the agency's favor, as passengers may perceive problems with the system as being the fault of the manufacturer rather than the agency.
A limitation of the above model is that it relies on data that do not contain any time information. The question on reduction of transit use did not ask the respondent when this reduction took place, and the explanatory variables refer to experiences in the past year before the survey was conducted. While this issue was known at the time the survey was designed, it would have been very difficult to ask for a time when respondents reduced their transit use-either because it can be a continuous process or because respondents were unable to remember.
comparing the model and survey Results
The results of this study have demonstrated that not only are transit passengers aware of reliability issues, as was reflected in the frequency of unreliability events reported by respondents, but also that a large portion of the passengers in this survey (almost 82%) actively adapt their behavior to deal with unreliability, either by developing a strategy or by reducing their transit use.
When the survey results reported in a previous section are compared with the model results, some commonalities stand out. In particular, transit users rated the importance of transfer reliability very highly in the survey, and the model showed that negative experiences with long waits at transfer points strongly drive reduction and possibly cessation of transit use. Also, the results with respect to crowding are interesting: although respondents indicated that they cared about regular and short service intervals, the ability to find a seat (and therefore the level of crowding on the vehicle) was seen as less important. However, the model also showed that overcrowding of vehicles to the point that additional passengers were unable to board had a negative influence and would cause people to reduce their use of transit.
In regard to the service frequency expectations of passengers, the finding that the average response to "what do you consider frequent service?" is approximately 10 min (mean = 10.12, standard deviation = 3.26) is in line with a common definition of walk-up service among transit agencies; however, the effect of new technologies cannot be neglected in this case (37) . Relatively few passengers reported knowing the timetable, while checking real-time information for departures was much more common. This finding may become even more prevalent as web-enabled smartphones proliferate. The consequence of this development may be that passengers evaluate only the real-time arrival information relative to their expectations (as expressed, for instance, in their responses to the frequency question) rather than relative to the timetable. Therefore, infrequently scheduled service may be perceived as unreliable by passengers even if vehicles are operating on time, simply because of the large gaps between departures and passengers' lack of knowledge of the scheduled frequency, and so potentially leading to reductions in transit use. Future research should investigate whether these changes in passenger behavior call for a rethinking of service-planning principles.
In the survey, passengers reported being aware of the scheduled (or usual) travel time for trips they make frequently, but the model results also indicate that delays, both in and out of vehicle, are perceived differently as a function of the nature of a delay and where it occurs in the trip chain. Therefore, with respect to modeling the effect of unreliability on travel decision making, this finding not only underlines the importance of distinguishing between different types of unreliability, but also shows that current modeling approaches using high-level travel time distributions and arrival time probabilities lack a behavioral underpinning and do not correctly represent the decision-making process, especially with respect to transit.
Recommendations
For transit agencies, these results are important in several respects. The finding that passengers value delays differently depending on the perceived cause and the point in their trip chain shows that providing good information to passengers during disruptions is key. Indicating the reasons for a delay alongside estimated delay times, particularly when said reasons are beyond the transit agency's control, can reduce the loss of ridership resulting from disruptions. Furthermore, in deciding between different disruption management strategies, operations controllers should bear in mind that in-vehicle delays are more likely to drive people away from transit than longer waiting times at passengers' origin stops. Thus, during disruptions it might sometimes be advisable to cancel a trip in advance or hold empty vehicles at designated locations instead of holding full vehicles closer to the disruption point or encountering delays resulting from network congestion. Of course, the choice of strategy must be determined as a function of the specific situation, and operations controllers also need to be cognizant of the negative effects of vehicles becoming so crowded that passengers are left behind.
With respect to service and operations planning, the most important finding is the importance of wait time during transfers compared with wait time at the origin stop. Although it can be challenging on large, congested networks, transit planners are encouraged to develop strategies for minimizing transfer wait times, such as designating spare vehicles that could be used to fill gaps on frequent routes or developing a system of guaranteed connections on infrequent routes. Furthermore, the results of the survey give some pointers on how to treat the trade-off between vehicle capacity and service frequency at constant total capacity on a route. It appears that passengers prefer higher service frequencies with smaller vehicles to lower frequencies with larger vehicles, even at the cost of encountering occasional crowding from uneven loading. However, crowding should not reach levels at which passengers are left behind.
